Introduction
The surface area of soil grains impacts on both availability of surfaces for dissolution and element release and availability of surfaces for sorption (c.f. Oelkers et al., 2009; Gherbi et al., 2010) . Understanding the variability and evolution of mineral surface area in soils is therefore crucial for modelling the evolution of soils. White et al (1996) and Hodson (2002) showed that the specific surface area of soil minerals increases with decreasing grain size.
For a constant mineralogy and even distribution of reactive sites this implies that as minerals break down into smaller grains, a soil's surface area and thus reactivity should increase.
However a soil's mineralogy can vary with grain size and typically the mass of mineral material present decreases with decreasing grain size. Therefore the increase in mineral specific surface area with decreasing grain size is not necessarily associated with an increase in soil reactivity. The aim of this study is to examine how the specific surface area of grain size fractions and their parent bulk soil vary in conjunction with mineralogy and particle size distribution by depth.
Materials and Method
Soil was sampled (using a coarse-stepped continuous strategy deliminated by the median depth) by depth (6.5, 19.5, 32.5, 45.5, 58.5, 71 .5 and 89cm depth) from a granitic podzol directly overlying the Dartmoor Massif in Princetown, UK. An alluviation (Bs) horizon was present between 27-42cm depth, and is contained within the 32.5 and 45.5cm samples.
Soil was air-dried, dry sieved to <2mm, and soil organic matter was removed using sodium hypochlorite. Dry sieving and sedimentation was used to produce the 2000-500, 500-250, 250-63, 63-2 and <2μm size fractions. Amorphous and free iron oxides were removed using oxalate (amorphous only) and dithionite extractions.
Soil particle size distribution (PSD) (as percent by volume) was determined by dry sieving and laser granulometry. Soil mineralogy was determined by X-ray diffraction, and quantified using Rietveld refinement. Soil specific surface area (SSA) was determined using the BET isotherm and nitrogen gas adsorption, and calculated geometrically from PSD data with the assumption that particles were smooth spheres with a density of 2.65 g cm -3
. Geometric SSA of individual size fractions was calculated using the distribution of particle sizes within each fraction from the Bulk (i.e., bulk mineral soil) PSD data. The roughness factor (λ) was calculated as the ratio of BET to Geometric SSA.
Results
The 2000-500 and 63-2μm fractions represented the majority of soil particles by volume (Figures 1 and 2 ). These fractions contained a large proportion of the quartz and Kfeldspar in the Bulk. The 63-2μm fraction also contained the majority of the plagioclase feldspar and a large proportion of the micas and clays. 
Discussion
The 63-2μm fraction dominates the Bulk mineralogy and surface area of the studied soils. It had the greatest volume fraction (Figure 1) , and contained the majority of plagioclase, and substantial amounts of micas and clays (Figure 2 ). Only the <2μm fraction had a greater geometric and BET SSA ( Figures 3A and B) , but once expressed as a percentage of Bulk BET surface area the 63-2μm fraction is more significant (Figure 4B ).
This finding agrees with those findings of Hodson (2002) that suggested that the release of elements from the dissolution of the 53-2μm fraction (derived from the B horizon of a podzol developed over granitic till) could be the most important despite its low mass fraction. The 2000-500 and <2μm fractions appear to be less influential on the Bulk than the 63-2μm but exhibit similar overall contributions. They contributed comparable proportions of the Bulk BET surface area ( Figure 4B ) due to the large volume fraction of the 2000-500 and large BET SSA of the <2μm fractions (Figures 1 and 3B ). Mineralogical differences make it unclear whether BET SSA would dominate over volume fraction in terms of their contribution to Bulk elemental release rates (Figure 2 ). The remaining sand fractions had a similar mineralogy but the volume fraction and BET SSA of the 250-63μm fraction was greater, suggesting that it would be more influential than the 500-250μm but not enough to strongly influence the Bulk (Figures 2 and 3B ).
The removal of fine-grained amorphous and free iron oxide phases from the upper profile caused a decrease in Bulk geometric SSA ( Figure 5A ). The absence of a residual increase in the geometric SSA of the 2000-500μm fraction following the oxalate extraction suggests the presence of coarse aggregates that are cemented by an amorphous phase.
The decrease in Bulk BET SSA in the top 19.5cm following the extractions coincided with a decrease in Bulk geometric SSA, and thus the removal of fine particles ( Figure 5A and B).
At the 32.5cm depth, Bulk BET SSA decreased more significantly with the dithionite than the oxalate extraction; there was no accompanying decrease in Bulk geometric SSA. This finding suggests that the decrease in Bulk BET SSA was due to the removal of predominantly free iron oxide based surface coatings with an elaborate and potentially porous structure that contributed directly towards the Bulk BET SSA. In a stratigraphical context this relates to the translocation of Al and Fe sesquioxides from overlying horizons to the Bs horizon at this depth. The BET SSA of the 250-63, <2, and 63-2μm fractions peaked at 45.5cm depth ( Figure 3B ) and all three fractions contained free iron oxides at 32.5cm depth (extraction data, not shown here). As the geometric SSA of these fractions does not increase following the extractions this suggests that the free iron oxides are probably present as surface coatings on the grains rather than as discrete particles. However, it is not clear whether such coatings would affect the reactivity of the underlying minerals or the release of elements due to dissolution.
Bulk BET SSA increased following the extractions without a corresponding increase in Bulk geometric SSA at 67.5cm depth. This suggests that at this depth coatings decrease the Bulk BET SSA by smoothing over and cementing together more complex, higher surface area mineral grains and surface features. Both the oxalate and dithionite extractions remove amorphous Fe, Al, Si and Mn phases with the dithionite also removing free iron oxides.
Differences in the Bulk SSA after the two extractions suggest that the free iron oxides contribute to surface area via porous coatings and complex architecture as in the 32.5 cm samples while the amorphous material removes surface area by smoothing out topography and that more surface area is removed by the amorphous coatings than is provided by the free iron oxides. Unfortunately we cannot determine in which size fraction(s) these amorphous coatings are located.
Assuming that soil particles are spheres (or regular shapes) in geometric surface area calculations overstates the importance of the <2μm fraction ( Figures 3A and 4A ). This is illustrated by the low λ value for the <2μm fraction despite its high BET SSA, and the high ratio between this fraction's contribution towards Bulk geometric and BET surface area (Figures 3 and 4C) . Even once the PSD was taken into consideration, the 2000-500μm and 63-2μm fractions were still underrepresented considering their contributions to Bulk BET surface area and, potentially, elemental release rates ( Figures 4A and B) . Geometric surface area calculations can take the shape of individual particles into account using density and shape factors, as discussed by Hodson (1998; 2006) . Without such provision, it appears that geometric surface areas are a poor representation of the true surface areas of minerals in soils. Furthermore, BET SSA is not necessarily representative of reactive mineral surface area either, because the presence of un-reactive amorphous and free iron oxide phases can affect this surface area to varying degrees. The distribution of such un-reactive phases should be considered when using BET SSA as a normalising term.
Conclusions
Despite the presence of free iron oxide surface coatings, we suggest that the 63-2μm size fraction is the most important in terms of Bulk BET surface area and, potentially, Bulk elemental release rates. The 2000-500 and <2μm fractions contributed less than the 63-2μm fraction to Bulk BET surface area. However, their mineralogy and the presence of un-reactive phases make it unclear which size fraction would contribute more to Bulk elemental release via dissolution. Even though the investigation of individual grain size fractions provides further data on the source of a soil's surface area and potential elemental release rates, our surface area data suggests that the study of the Bulk is still generally appropriate. This is due to the fact that the 63-2μm fraction is not only the most important, but the most representative and thus the best represented by the Bulk.
A dissolution study investigating the contribution of the discussed grain size fractions to bulk soil elemental release rates is currently ongoing. 
